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IMPROVEMENTS IN OR RELATING TO ORGANIC COMPOUNDS 
Scope of the invention 

.jr ssssus wrss nsrrss sffls 

obtaining such plants and genetic material and probes. 
Introduction 

species is often limited by a lack ° l 9 e "^ c J d , on , ant5 ^ the use of chemicals or other 

„nn . dossing <°* * ££££K?££ emplovsd. I, a ph.no™™- 

plants, to inhibit a secondary '"^ on SSISS Tto method is very laborious because it 
natural cross-protecton system ha^ ^^^^J^ due t0 a mtl ^ on the former avirulent 
2K ™m°rr SffSM^SST. — e by itself It is also possib.e that an 

c^;^ «•*- - *• cha,,en9in9 have ** same 

° f a ^^2Xl > 2^ rnani P u.a«on and plant transform^ systems new methods to 
With the recent aev e'°P m °™ ™ « QMWUcal £ engineered cross-protection is a form of virus resistance 

W 72t£ vC^ral RNA „ . pJft. « RN* -"P*-" «».«"«« »» " 
"*% T f^SLlTdKS^*-. !*« vino™. Hi. genus ol tospo*vses belongs to •» 

0, «U«» po«y. Th. L»^^" to .!S e s S2uT .tan*. X Is C or U. T.pios, memoe* 
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flgore 1. Based on J^^^SSJ- - th. typemember of the tospoviroses. (My dr- : 

invention. transmitted by certain thrips species. The vectors of 

As stated earlier. fP™™£^ fc/sca (Hinds.)), western 

,s TSVW belong to the family of Tnpldae and include toDacco innp* v (Trybom)). chilli thrips 

plant viruses. The virus is widespread '"JJIJ^dartft^ both mono- and dicotyledons, are naturally 

as TSVW strains result generally in e-g.^ stantng, p £ d non . necroti c mottle, mosaic in 

flower breaking, necrotic and pigmental les.ons and ^^jjTi™ SSorns The wide range of 

conditions, especially temperature. distributed and causes economically 

Although TSWV ^ 

important diseases in crops and ornamentals, iimiieo proar ivcooerslcon peruvianum, but this 

resistance genes. A mucigenic TSWV tolerance has ^^^Zm£o» been identified 
resistance has not ^"f^ damage by severe 
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Detailed Description 

The present Invention pro*** recombinant DNA eonetnK* comprising a DNA sequence Bring (or 
^^uanooo,^™- -cb one . .0,0 ec*ns 

Mini), or a par. thereof or ^^"^"^0^ 9 to a) or b). which DNA b undo, 

b. rr»d»ied. if desired to cntf. ^* " ^JZ„^S2?n the art such as dMMM 
S^r^" SXSS are —re »Hhin ,o spid, a* *e scopo „ 

this Invention. 
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The term RNA sequence « a teapots » . sequence .. the S. M or L RNA strand. In particular 

DNMhLrtter the buffer system). Momd by .rashlno 3 «mes «nth a buffer compose 1 * SSC 

and 0 1 % SDS at 65 * C for approximately one hour each time. 

^t^t%»Mte i rtton Editions for the purpose of the invention nvolve , neuron m *e buffe 

fCiowea ti, * ~ — • ^oS b6 d9Sirable ^ 

TSWV Related DNA Sequence comprises at least 20. suitably 50 or more nucleotides marfDBona| 
The term promoter as used herein refers to the nucleotide sequence upstream from the *^P*>™ 
startle a^S coZlg * the regulatory regions required for transcription *£^W£g£ 
iheleader sequence of mRNA (which leader sequence comprises the nbosomal binding srte and Initiates 
translation at the AUG start codon). ^ viraIi . ^ga,, 

Incorporated in a host organism, ^ „d refers to differentiated plants as wall as 

60 . ° f S Z Ction funhcr provides plants comprising in their genome a DNA construct of the invention, and 
methods of hav9 educed susceptibility to diseases Induced by tospoviruses 

and ^£Z:Z^2^So nS of plants obtained by ft. classic, mefrods as discussed 

65 hereinabove. ^^nw^ such as TSWV include but are not limited to Ageratum, 
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cumber, eye,™, Dahlia. Datura. Delphinium 

Hippeastrum. Impawns. '<f ^ ^ 
pineapple, potato. Pnmula. Saint Paulia. m™"""*-/ 9 t K Ion Zinni a. The invention relates 

sugarbeet, sunflower. Tagetes. tobacco. ° f » 9 invention - 

hereinafter illustrated employing TSWV as ,ar |ecu , es . ^ s RNA is approximately 2.900 
The S, M and L RNA are smgle 8 ^J^™'£^^ protein (NSs) in viral sense, the 
nucleotides long and comprises two ^^^^ZS^S^ sense. The intergenic region 

SSSSSid \ hybridizing both RNA ^^f^n^Z open reading frame in vir, 
The M RNA strand has approximately 5 °«^^ on the endoplasmic 

complementary sense. This open readmg^ ^^SZ-ZSo^v to form the spike proteins G, 
SST^SS.'SS: JWSiS I M RNA strand are complementary to each 

complementary sens. This oper ^^CL^ -me mutant strains 

viral transcriptase wrth an estimated molecu lar ^'9™ ^ ^ ^ f U |Hength L RNA. These 
shortened L RNA molecules have been .found 

shortened L RNAs however. with nuc.eocapsid protein and 

are capable o forming .J K ^ t *^^S^ sympto m development resulting in less severe 
SSSCrSSJ-- - ^rded as defect interfering (OI> 

RN t a P rrrmrrnti;r 

transcription into tospovirus-RNA sequences of a -pan-handle . or mto tospovrus q 

gous thereto. i nuon «nn relates to DNA constructs of the invention coding for 

Another preferred embedment of in V i ra | complementary sense <J. e. 

transcription into tospovirus-RNA sequences of an rarne >n P ^ ^ 

having negative polarity), or into corresponding RNA ■ sequences m wn.cn o 
S5 replaced by their synonyms or into RNA of the invention coding for 
A further preferred embodiment of the ^e"tion rela tes to una hornol0 go U s thereto. 

i) the S RNA nucleotide sequence 1 to 2915, 

ii) the S RNA nucleotide sequence 89 to 1483; 
45 iii) the S RNA hairpin; 

iv) the S RNA "pan-handle"; 

v) the S RNA nucleotide sequence 2763 to 1987; 

vi) the L RNA nucleotide sequence 4462 to 1; 

vii) the L RNA nucleotide sequence 41 to 2; 
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viii) the L RNA nucleotide sequence 3980 to 46; Qf nudeotides of 

be) the L RNA ^^J^^l^^S^^m^ nucleotide (C) as shown in Fig. 6B. 

xi) the L RNA "pan-handle"; nucleotide sequence 1987 to 2763; 

xii) an RNA sequence Mm P'™^ sequence 89 to 1483; 

xiii) an RNA sequence "^^^LRmZeoMe sequence 1 to 4462; 
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I^W^Sl^ * - L RNA nuc,eo«de sequence (601B + n, to (6706 + n, 
1w£Z£ESlZ» 89 to 1483 in which one or more codons have been replaced by the, 
TsRN S ; nucleotide sequence 2763 to 1987 In which one or more codons have been replaced by their 
"rNA nucleotide sequence 3980 to 236 in which one or more codons have been rep.aced by their 
S)7™a nucleotde sequence 4462 to 236 in which one or more codons have been replaced by their 
SJTrNA nucieotide sequence (6672 + n) to (4462 + n) in which one or more codons have been 
S)f R rnuS^uence (6672+ n, to (6016 ♦ n) in which one or more codons have been 
2ft? SHESE?-*— (m - 574) to m. wherein m ,s the tota. number of nucleo«des of the 
UTS RNA sequence complementary to the M RNA nucleotide sequence (m - 574) to m. wherein m is 
S^'S^lKKm-oBou. ot the nucleotide sequences defined under .) to xviii). xxv) or xxvi) 

S? t M RNA nucieotide sequence from (m - 26) to (m - 574) in which one or more of the codons 

have been replaced by their synonyms. 

^T^S the RNA sequences according to 

„) £7$ 2% or S as SJKSTcr into RNA sequences homoiogous thereto, or into fragments 
ti'ereof losing at least 20 mo* ^^^Z'SS^ DNA constructs of the Invention 

blot type assays. oerson skilled In the art to construct 

-est r^sss-s — 



se. 



The plants according to the invention may be obtained by 
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a, inserting into the genome of a plant cei. a DNA construct according to the invention; 

The DNA vectors of the invention ma * '^'^ ^ , £ g techniques known per se for the 
infection. Such plant ^ transformation ^ ^£j^°£J^i Living the Tl plasmids derived from 
transformation of plants, such as the plant ^"f°7 a °°" f thQre of. naked DNA transformation or 

A******* turn e facte * A .*» ^* ° ™f- h ™ ™ 9 use of ^projectiles to deliver 
electroporation of isolated plan cells an °^ e ^ P 7 „ en as transformation vectors and the like. 
DNA. the use of laser systems, liposomes, or wwesor %™s*n of a TS WV Related DNA Sequence by 

The plants of the invention may ^^t^^SS^ PCR teChniqU9S 

methods known in the art mcud.ng ^™™^*° decreased susceptibiliry to TSWV infection as 
munological techniques. The plants of ^ inv ^ n "°" TSWV preferentially at a concentration in the 

demonstrated by tests whereby sa,d P^f^^^^y ^ tne TSWV concentration in the inoculum. 

the methods of the invention with another plant to proouv. w 

OTn rinveS^ 

Figure 1 gives an overview of the structure of the tomato spottec rw. ^rww 
Figure 2 gives a review of the cloning strategy employed tor TSWV S RNA. 

Figure 3 gives a review of the ^Jj-^ The amino acid sequence 

K r^T^SSS " — - of - nuc,eocapsid protein N (2763 ~ 

1987) under *° c °"^ ^ {or dl reading ^ 0 f the 

Figure 5 gives the distribution of transiau on™* codons 

S RNA (fig. 5A) and the L ^^J^ 6A> and the L RNA (fig. 6B) as 

Figure 6 shows the nucleotide sequence ot tne iow 

^r g ,vt?^ 

SK S of a M p,asmid (pTSWV - N) ^ 

SSST^SX review of *• conslruction of a su ' ,teb,e p,asmid comPrisin9 

- *° — of a p,ant transformauon vector pTSWV ' NAB ' a 

^^■s^sk - — - a . p,ant tan ™ vector pTSWV " Nmut 

^^^ZStt — ' of a plant ~ fion vector pTSWV " 

^1™^ - * - — eon vector pTSWV - 

NlsmutBB 9 a DNA construct according to ^^f^ . 

« Figure 15 shows the "1P«^" T^T^ 8 ^- 
Rgure 16 shows the hairpin reg.on of TSWV S FWV 

Figure 17 shows a dot blot analye ^Sl^wSSo^ coding for transcription into a sequence 
Suitable examples of preferred TSWV no q moIogous thereto are sequences coding for the 
of the hairpin structure of S RN* ^^^J^JSs nucleotide sequence of 8 RNA. for the 1583- 
so 1583-1708 nucleotide sequence , of 8 RNA for ™ hornd , 0 sucn sequ9nC es. 

1835 nucleotide sequence of the S RNAor K « q Sequences coding for transcription into a sequence 
Suitable examples o l*™?™^^^ homologous thereto is the combination of the 
of the "pan-handle" region f*^™^?,*.** sequence of S RNA. or for sequences 
sequences coding for the wo ana 

XT^^^^^^ of the viral L RNA and the tost 80, In 
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parties the last 65 nucleotides from the 3-end of the viral L RNA. or for sequences homologous to such 
^r^ of the present invention will become apparent from the Hart, 

6 ^TSences are abbreviated to the first authors name, full references are listed later. 



Material and methods 
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ah TSWV RNA derived sequences presented in here are depicted as DNA sequences for the sole 
™^ oerson skilled in the art appreciates that this is done for convenience only. 

^isL's: r a =, s-sr-ssii * - - *- *— « * 

198 ^ a« cloning procedures the E ««-* MZS. m «>*. «. dlacM.5) Is used as 

a recipient lor recombinant plaids, smeftdtol. strain LBA 4404. a strain containing the 

Binary vectors are cowled WparmBl «,. £ co» HB101. 

Tl-plasmld <* region (H«toma at al . ™>£^ 1979) . Appropriate Aorabac- 

U9/ml ^ , *u nunc* Danish-Perron et a/., 1985), pBluescript (Stratagene), 

standard procedures (Maniatis er a/.. 1982; Ausubel et al., 1987). 
Examples 

Example 1: Isolation of TSWV particles and the genetic material therein 

Tomato spotted wi* virus strain ^^^^^J^^ £££ 
grafting .^rus Ispurified ^g^fi* material used in this isolation 

essentially as described by Tas er a>. ii™ »i. ' infected leaves are harvested and ground 

procedure at 4 0. Twelve days after inocgbKin ot IOC Igrarns « wected Bavesa p^SOs pH 7) 

I. ,0 seconds a, lov^eed .Ml- « ^^p^lZ^^il^ I 10 

at 50.000 x : o. The pelle raised In rabbits against material from non- 

at 95.000 x g. ^J^^^^^Zo^ pelleted by centrifugatjon for 1.5 hours at 
diluted 4 times with resuspensionbuffer. was ™* „ P G 3,, , 10 0 grams of leaf material yields 
21.000 xg and resuspended in one volume ^^f^Z^ZLm, from purified virus 
approximately 0* mg o'^^ y ^0^^800. From 1 mg TSWV 1-5 ug of RNA 
preparations by SDS-phenol e ^ 0 ^^. _deaSes is analysed by electrophoresis on an agarose 

^r di ^ ~ - 2900 — < s ^ 5000 

nucleotides (M RNA) and 7500 nucleotides (L RNA) respectively. 
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Example 2: Sequence determination of the 3 -termini of the TSWV viral RNAs 

. toxaa/ bma i« attracted from purified nucleocapsids essentially according 
For direct RNA sequencing TSWV RNA is extracted worn p harve sted and 

to Verklei) et a/. (1983). Twelve days after noculabon 100 grams ofm ected 
grounds 5 - 10 seconds .t low speed set,ng n cu '^^^^6 through cheesecloth 
0.1 % cysteine, 0.1 M TRIS pH 8.0) I i a ^wanng t oren ^ supernatant by 30 minutes 

and centrtfuged 10 minutes at 1.100 x g Nuc, f° a P^ TA s-r buffer (1 % Nonldet 

centrifugation at 66.000 x g. The pellet 's ^eM.y resuspe ded in one volume TAS^ b { ^ 

NP-40. 0.01 M EDTA. 0.01 M N*SO, ^^.^^^ E cleared by a 10 minutes 
dissolved by stirring carefully for 30 minutes at 4 Jf-'™ * . d SUDer natant by sedimenta- 
centrifugation at 16.000 x g. Crude ^^^^^S^ is Suspended in 

tion through a 30 % sucrose cusruo .for 1 hour* 105^00 U ^ spun ^ 

400 til 0.01 M Na-citrate pH 6.5. layered on a 20 - 40 /« s " c ™ se J . l m and S nucleocapsid. are 
2 hours at 280.000 x Q. The three different < ^^^^S£ l „ uc leoca P sid preparations by- 
collected separately. TSWV RNA is recovered P«*^^ 100 of RNA are obtained from 100 
SDS- P henol extractions foiled by ^J^^^^S^ using RNA ligase and S- 

Example 3: cDNA cloning of TSWV genetic material 

Oligonucleofldes complementary to 

^^T^ZZm^to Stn^pproals^used to generate cDNA clones to 
according to Qubler and Hoffman (1983). iwo . rf , f ^ TSWV RNA using 

the TSWV viral RNAs. A first series cDNA is 

fragmented single stranded call Mhymus Zo the Sma. site of P UC19. A 

made blunt-ended using T4-DNA polymerase and hgated with T4 "jwe 
second series of TSWV cDNA clones is obamed by jrim.ng W £*nd D ™ sy 
oligonucleotides complementary to EcoR. 
second strand synthesis, treatment w.th T4 DNA ^J^^L™ ef a/ (ig85) . A, ter restriction of 

linkers are ligated to the ends of the cDNAs essentially accordrngl gt10 . cDNA 
these CDNA moiecules with EcoRI. <?™^^^ according 

Cones from bo* J*^*^ p&Zt^rfni «« *> NA as a probe. Sets 
to Grunstem and Hogness (1975) using I jk bot. / j£j phage waJ|ong> 

2 SMS 0. - S 2) and L RNA 

(figure 3). 

Example 4: Sequence determination of the TSWV S. M and L RNA 

~* *u a c rna A selected cDNA clones are subcloned in M13mp18. 
,n order to determine *»^^ J^^£^£^ *™ 2 >' ™™ M Z* 
resulting in the plasmids P S614. P S608. pS520 ana paoi . f , (ig85) nuc |eotJde 

sequenced ■« ^SSSX^^^^ o.igonuc.eo f de SI 

rss .^r^ sequence date from 

the TSWV SRNA (2916 nt) ^ summarized in figure 4 ^ ^ ^ ^ 

Compute; ^ p S^e o^reading frames (see figure 5A). On the viral 
plementary strand reveals the pres ^«JJJ P u J n 89 and terminating at an UAA stopcodon at. 
strand an open reading frame Is found starting ai posiuuu 
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a- « * ^rntoin of 464 amino adds with a molecular weight of 52.4 kd. This 
position 1483 possibly encoding a NSs The other open reading frame Is 

protein is most likely a nonstructural protein, ten »^^™^^ ng a 253 amino acids long 

located on the viral -^^^ J£ eatfng' frame Libly encodes the viral 

polypeptide with a molecular weight of 28.8 Ko\ jnis open n»u«v 

nucleocapsid protein N. Mm nf tha DU rified nucieocapsid protein is determined 

To verify this assumption the amino acid comporton ^J™^ J ^ ^,90^ 
and compared with the deduced compositor, from ^^^l^^rT^Z^ protein gene is 
encoding N protein gene Is Inserted Into f^^^ b XX ^^ ^^ fabbit 
transcribed to vitro. This to Wfro ^ze^an^ * ^utaaqM«fly ™ , abe , ed melhionine (NE ^. 
reticulocyte lysate (New Engfcnd ^^^^S^Sh coild be precipitated from the 
A protein with a molecular weight identical ;* Mhe R na ^" uc '^ P nucle ocapsid protein are used, 

synthesized radioactive proteins, when ant.bod.es raised against pum.ea n w h 
lowing procedures essentia,* as described t'K^K™ 1. 1 the 

gene encodes the viral nucleocapsid *fi^£$£ZT H prot e?n gene respectively, both genes 
viral complementary strand of the S RNA W«™8 ™ ' « J ^ ptan t virus RNA has an 

being expressed from subgenomte mRNAs Thus the .^* S ™^ A c P e is ^ exl8te nce of 
ambisense gene arrangement ^Other ^^^^ft^Z^ Structures. These structures 
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Example 5: Construction of an expression vector pZU-A 

The » cauliflower mosaic *». ^« J— 
P Z027. a derivative of PUC1S , cany.ng « . 444 £ >H.ndW J-JJJ^J^ „ c P aMV strains ar9 very 
promoter of CaMV strain Cabb-S (Franck et al.. iseu). me nuc,e °-" °\ . EcoR |. Pst | 

Liar for the different strain, Tne J** T£^S^S«. *» 

fragment which contains: a part of the j^^S leader region but not containing any 35S 
transcription Initiation s.te and 7 bp ^ t t ^*T^J^ T J Bflase in to EcoRI-Pstl linearized 

as follows: 

1 AAGCTTCTAG AGATCCGTCA ACATGGTGGA GCACGACACT CTCGTCTACT 
51 CCAAGAATAT CAAAGATACA GTCTCAGAAG ACCAAAGGGC TATTGAGACT 
101 TTTCAACAAA GGGTAATATC CGGAAACCTC CTCGGATTCC ATTGCCCAGC 
60 151 TATCTGTCAC TTCATCAAAA GGACAGTAGA AAAGGAAGGT GGCACCTACA 
201 AATGCCATCA TTGCGATAAA GGAAAGGCTA TCGTTCAAGA TGCCTCTGCC 
251 GACAGTGGTC CCAAAGATGG ACCCCCACCC ACGAGGAGCA TCGTGGAAAA 



35 



40 



45 



55 



10 



EP 0 426 195 A1 

301 AGAAGACGTT CCAACCACGT CTTCAAAGCA AGTGGATTGA TGTGATATCT 
351 CCACTGACGT AAGGGATGAC GCACAATCCC ACTATCCTTC GCAAGACCCT 
401 TCCTCTATAT AAGGAAGTTC ATTTCATTGG AGAGGACCCT GCAG 

5 

The complete sequence from the used NOS terminator In the vector P ZU-A Is as follows: 

1 CTGCAGATCG TTCAAACATT TGGCAATAAA GTTTCTTAAG ATTGAATCCT 
10 51 GTTGCCGGTC TTGCGATGAT TATCATATAA TTTCTGTTGA ATTACGTTAA 

101 GCATGTAATA ATTAACATGT AATGCATGAC GTTATTTATG AGATGGGTTT 
151 TTATGATTAG AGTCCCGCAA TTATACATTT AATACGCGAT AGAAAACAAA 
201 ATATAGCGCG CAACCTAGGA TAAATTATCG CGCGCGGTGT CATCTATGTT 
251 ACTAGATCTC TAGAAAGCTT 
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Example 6: Construction of an expression vector pZU-B 



^ laemIH n7f Yu 7 is a derivative of pBluescript carrying a 496 bp BamHI-Smal 



35 



35S-0 promoter as used in the plant expression vector pZU-B Is as follows. 

1 GGATCCGGAA CATGGTGGAG CACGACACGC TTGTCTACTC CAAAAATATC 
51 AAAGATACAG TCTCAGAAGA CCAAAGGGCA ATTGAGACTT TTCAACAAAG 
101 TTATTGTGAA GATAGTGGAA AAGGAAGGTG GCTCCTACAA ATGCCATCAT 
151 TGCGATAAAG GAAAGGCCAT CGTTGAAGAT GCCTCTGCCG ACAGTGGTCC 
201 CAAAGATGGA CCCCCACCCA CGAGGAGCAT CGTGGAAAAA GAAGACGTTC 
251 CAACCACGTC TTCAAAGCAA GTGGATTGAT GTGATATCTC CACTGACGTA 
301 AGGGATGACG CACAATCCCA CTATCCTTCG CAAGACCCTT CCTCTATATA 

351 AGGAAGTTCA TTTCATTTGG AGAGGACTTT TTACAACAAT TACCAACAAC 
401 AACAAACAAC AAACAACATT ACAATTACTA TTTACAATTA CCCGGG 

The resuKng recombinant p-asmld P ZU-B c^tans ^^J^^^t 
Example 7: Subcloning of the TSWV-N protein gene 
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Example 8: Subclonlng of the TSWV non-structural protein gene (NSs-gene) of the TSWV S RNA 

electrophoretjcally on an agarose ^el and ^? is .~;° m c ^. 3 \ , igated using T 4 polymerase. After 
yield the recombinant plasmid pTSWV-NSs (figure 10). 
ao Example 9: Construction of plant transformation vectors containing TSWV sequences 
Example 9A: N-protein gene constructions in pZU-A 

experiments using methods well known to a person skilled in the art 



TO 



15 



20 



25 



45 



50 



55 



Example 9B: N-protein constructions In pZU-B 

» • * „, w „u * ho Axfi start codon from the N protein gene is fused directly to the 

protein gene is excised from this plasmid v.a an EcoRV ra g a pTS WV-NmutB. The 

inserted into the ^l"™ 

chimeric cassette SSS^^on. "Jisoiated chimeric gene cassette Is then 

from the plasmid P TS ^ N ™f J* * SEaE create the binary transformation vector pTSWV-NmutBB. 

r^srsassw * - — —» — - 

methods weil known to a person skilled in the art 
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Example 9C: NSs-protein gene constructions in pZU-A 



art 
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Example 9 D: NSs-protein gene constructions in pZU-B 

create blunt ends. This linearized DNA 1 ^^T^ mmv Jthe recombinant plasmid pTSWV- 
gene is isolated and inserted into Smal Pst I l.ne*.zed » 6 9 NSs-protein gene and the NOS 

Hon experiments using methods well known to a person skilled in the art. 
Example 9E: 5 # - and 3'-termini "pan-handle" constructions in pZU-A and pZU-B 

DNA sequence containing this "pan-handle" loop in the viral S RNA is as follows. 

1 AGAGCAATTG TGTCAGAATT TTGTTCATAA TCAAACCTCA CTTAGAAAAT 
51 CACAATACTG TAATAAGAAC 

40 and 

2850 GTTCTTAATG TGATGATTTG TAAGACTGAG TGTTAAGGTA TGAACACAAA 
45 2900 ATTGACACGA TTGCTCT 

„ .» * n locate the "Dan-handle" loop In the viral TSWV L RNA. A strong 

handle" loop in the viral L RNA is as follows: 
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1 AGAGCAATCA GGTACAACTA AAACATATAA CCTCTCCACA GCCAGACTTT 
51 ACAAATTACA TAAGAATTCC CTCCAGTGAA 

and 

AAAGTGGTTC CATTTTCTAT TAATTTTTGT ATTTTCTGGA TGTTCATGTT 
TGCTTAAAAT CGTTGTTACC TGATTGCTCT 

These regions are synthesized on a commercial DNA synthesizer and appropriate linker sequences are 
added. Conduction of I "pan-handle" vectors of S and L RNA results in respectively: P™"""^£ 
pTSWV-termL Using appropriate restriction enzyme combination these ragmen* ; are Inserte I betwee Mto 
CaMV 35S promoter and the NOS terminator of pZU-A or between the 35S-D promoter and the NOS 
teitor of pZU-B yielding the chimeric cassettes: pTSWV-termSA, pTSWV-termLA. pTSWttmOB and 
pTSWV-termli. These cassettes are then transferred into the binary **|f °™ ati ^ 
appropriate enzyme combinations yielding the following P lasml VTT"*™^ 
pTSWV-termSBB and pTSWV-termLBB. Alternatively, it is possible to des,gn -pan-handle constucts 
mchSng the a'- and I end termini that are larger as Indicated above, or separated by any other DNA 
sequence in order to enhance the stability of the transcripts produced from these recombinant genes in 
pSts Z "pita^dte- constructs resemble shortened tospovirus RNA. respectively TSWV RNA molecules 
and therefore can be regarded as defective interfering RNAs. 

Example 9F: Construction containing TSWV S RNA hairpin region in pZU-A and pZU-B. 

A DNA analysis programme is used to locate the hairpin loop in the viral TSWV S I RNA /The st^ngest 
hairpin loop that is detected starts at nucleotide 1592 and ends at nucleotide 1834 (figure 16). The 
sequence containing this hairpin loop is as follows: 

1 TAGTAGAAAC CATAAAAACA AAAAATAAAA ATGAAAATAA AATTAAAATA 
51 AAATAAAATC AAAAAATGAA ATAAAAACAA CAAAAAATTA AAAAACGAAA 
101 AACCAAAAAG ACCCGAAAGG GACCAATTTG GCCAAATTTG GGTTTTGTTT 
151 TTGTTTTTTG TTTTTTGTTT TTTATTTTTT ATTTTATTTT TATTTTATTT 
201 TATTTTTATT TTATTTTTAT TTTATTTATT TTTTGTTTTC GTTGTTTTTG 
251 TTA 

A Hindlll fragment of 526 bp carrying the hairpin region is isolated from PS514. This fragment :is 
excised from a agarose gel and subsequently treated with T4 polymerase to create, blunt ends In the 
folSg step PstMinkersle ligated to these blunt ends. After digestion with Pst. the ^me^cloned In 
Pstl linearized pZU-A. resulting in the recombinant plasmid pTSWV-HpSA. The plasm,d pTSWV-HpSA is 
digested with Hindlll and the fragment containing the chimeric gene is excised from an agarose gel and 
ligated into Hindlll linearized pBIN19. resulting in the transformation vector pTSWV-HpSAB 

Alternatively, the Hindlll fragment of pS514 is treated with T4 DNA polymerase to create blunt ends and 
is subsequent^ cloned in the Smal site of the expression vector pZU-B. resulting in the recomtanant 
Dlasmid pTSWV-HpSB. The plasmid pTSWV-HpSB is digested with Hindlll and the fragment containmg Je 
Eric genTis Seised from an agarose gel and ligated into Xbal Rnearized P B1N19. resulting In the 
transformation vector pTSWV-HpSBB. 

Ot is clear to a person skilled in the art that also other fragments can be isolated from the cDNA clones 
of the TSWV S RNA containing the hairpin region as described above wrmout interference with the function. 
Also, a fragment containing the hairpin region may be synthesized using a DNA-synthesizen) 
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Example 10: Transformation of binary vectors to plant material 

as the plant species used. ^ e „ rfh «ri shove are used in plant transformation experi- 

The binary P'^^™^ transferred by tri-parental 

ments according to the foil owing £l fo ,3 by southern analysis of the ex- 

mating to an "^.^^^T!^ SSuct ?, the acceptor strain. Inoculation and 
conjugants for verification of prope *w* ° f *» ,J e / a c/ens strain of choice, selective 
^cultivation of axenlc explant "'^^^^^ selection of transformed 

killing of the Agrobaotenum tumefaci «mM «JJ^*wopnj^ 8hooW media> 

cells by growing on selective media ^^^^•^ ets to assaying for Intactness of the 
transfer of selected shoots to roo ^^^^^2* plant, assaying for proper function 

oy^T^^r en^e assays and western blot an.ysis of 

proteins. 

Example 11: Expression of TSWV RNA sequences In plant cells 

RNA is extracted from .eaves of regenerated p^ts using g 

phenol, collect the nucleic acids by alcohol prec P"^™- # « e f ™**> maximal 4 hours 

Tris-HC. (pH 8.0). 1 mM EDTA. add UCI to •^"•JfJ^ KotTi EDTA and 

and collect the RNA by centrlfugation. Resuspend in 400 ul 10 mM Tn ho p ^. 
precipitate with alcohol, finally resuspend In , 0 UM ^ ^ Jns^ pH MM mMH> * 
separated on glyoxal/agarose gels m or by using non-radioactive 

plants express the chimeric TSWV genes. ^ #alnlnn a TSWV orotein aene are also subjected to 

western blot analys*. P M " «*^*^3 S^, is selectee to electrophoresis In a 12.5 % SDS- 
accordlng to Uemmli (1970). A 50 ug pornon or P™" ' seoarated proteins are transferred to 
polyaoylamide g» •■»*<•* « described ^ l^mmk (1 

STo7re S ™£t1 .Idllled that «nsfe,™d pla* do con* TSWV proteins encoded 

40 by the inserted chimeric genes. 
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Example 12: Resistance of plants against TSWV infections 

i rt nrn«nhousa under standard quarantine conditions in order to 
Transformed plants are grown In the gr and ^ seeds harvested, 
prevent any infections by jf!^ 

Progeny plants are analyzed ,0 ^^ TSWV is ground in 5 volumes of ice- 

«S.^ :XTsSSmTe,p < !nent. whereas unformed contro. plants show severe 
systemic TSWV symptoms within 7 days after inoculation. 

Example 13: Use of synthetic oligonucleotides for diagnostic purposes 
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RNA is extracted from .eaves of suspected I^^^J^^m^^m^ 
^to<^#™£^ y %^^^Zrj^«*c adds m. cofecM by 

M . _ j^/s* tqwv Rotated RNA Sequences in diseased plants.) A diseased pianx is 

(see figure 17). 
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1 Recombinant DNA constracts comprising a DNA sequence coding * or J^"fff^" on ' frt ° 
li^Aseo^o,^^^ 

or a part thereof; or an RNA sequence homologous there to. or 
c^TNAs^nceco.^^ 

i) the S RNA nucleotide sequence 1 to 2915, 

ii) the S RNA nucleotide sequence 89 to 1483; 
HI) the S RNA hairpin; 

30 iv) the S RNA "pan-handle"; 

v) the S RNA nucleotide sequence 2763 to i so/. 

vi) L RNA nucleotide sequence 4462 to 1; 

vii) the L RNA nucleotide sequence 41 to 2; 

viii) the L RNA nucleotide sequence 3980 ta 46; ^ ^ nucteolides of 

ix) the L RNA ^^^^ ^elbCntJy identified nucleotide (C) as shown in Fig. 6B. 

xi) the L RNA "pan-handle"; nucleotide sequence 1987 to 2763; 

xii) an RNA sequence comp.e merrtary to £8 RNA „ t0 1483: 

SiRNAseq q uencecomp r ^ 

aisszs^^ + n > to(67oe + n) - where,n 

" ^X^nce complementary to the L RNA nucleotide sequence (6016 ♦ n) to (6706 ♦ n). 
^F^SSSSS- 89 to 1483 in which one or more codons have been replaced by the, 
X) SRNA nucleotide sequence 2763 to 1987 in which one or more codons have been replaced by their 
SSTSS nucleotide sequence 3980 to 236 in which one or more codons have been replaced by their 
xS^NA nucleotide sequence 4462 to 236 in which one or more codons have been repiaced by their 

synonyms; {/m2 } in which one 0 r more codons have been 
xxiii) L RNA nucleotide sequence (6672 + n) 10 ' 

replaced by their synonyms, whereinn^ Is as ■ which one or mor0 codons ha ve been 

xxlv) L RNA nucleotide sequence (6672 + nj to vouiu / 
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^ RNA sequence complementary to the M .RNA nucleotide sequence (m-574) to m, wherein m Is 
^rrSCe^homoiogous to the nudeotide sequences defined under i) to xviii). xxv) or xxvi) 

S) £m RNA nucieotide sequence from (m-26) to (m-574) ,n which one or more of the codons have 
been replaced by their synonyms, wherein mis as defined above; 

*xbrt a fraament of a DNA sequence defined under i) to xxvin) hereinabove. _ 
3. S JSSSi «* Ciaim 1. coding for transcription in tospovirus-RNA sequences of a pan-handle, or 

J^TS^ for transcription Into tospovirus-RNA sequences of an open 

LZ 12™^ZSZw1Z. or into corresponding RNA s* = *^ one or more 

L"^ n^Tn^^TSiTS 5 «*« fcr transcription Ho tosportus-RNA sequences, or Mo 

^ « h.ve been ..piece, fy Mr synonynts. into 

rTr , ^co , r^%Tr6 0, SaCS n SS'Sn into tospovirus-RNA sea,^ or : «o 

terminator functioning in plant cells. . 

sequence of a tospovirus^ 0 „g 0 nucleotJdes are complementary to the tospovirus S 

™££££2X sconce or to fragments of such sequences comprising 

ul^rSrZ to Cairns 12 or 13 wherein the oiigonucleotide sequence has from 400 to 600 

nucleotides. . 
15. A process of preparing plants according to Claim 11, which comprises 
a) inserting into the genome of plant cell a DNA construct of Claim 1 . 

40 b) obtaining transformed cells; . 

c) regeneration from the transformed cells genetically transformed plants. 
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THE STRUCTURE OF 
TOMATO SPOTTED WILT VIRUS 

RNA LIPID MEMBRANE PROTEIN 
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£ EcoRI 

Bg Bglli 

H Hindlll 

S Sphl 

P PsU 



X Xbal 

Ss SstI 

K Kpnl 

Hp HpaJ 
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1 AGA GCA AUO GOG OCA GAA OOO OGO OCA OAA OCA AAC CUC ACO OAG AAAAOC ACA ADA COG 

mot aar aer aer val tyr glu aer lie lie gin 
61 OAA OAA GAA CAC AGO ACC AAU AAC CAO AAO GOC OOC AAG OGO OOA OGA GOC GAD CAO OCA 

thr ara ala aer val trp gly aer thr ala aer gly lya ala val val aap aer tyr trp 
121 GA6 AAG AGC OOC AGO COG^GGG AOC AAC OGC AOC OGG OAA AGC OGO OGO AGA OOC OOA COG 

lie his erlu leu olv thr gly aer gin leu val gin thr gin leu tyr aer asp aer arg 
181 GAO OCA OGA^^ACO OGG OAC OGG OOC OCA ACO AGO OCA GAC CCA GCU COA OOC OGA OOC AAG 

i«« «.i val leu tro leu tvr cya lya val gly He phe pro val lya lya lya arg 
241 AAG CAA AGO AGU CCD OUG^GCO AOA COG CAR AGO AGG GAO COO CCC OGO GAA GAA GAA GAG 

,01 

^^^^^^^^^^^ 

\*m «i« «i v hi* ua lvs val leu aer pro ala gin leu his aer ile glu aer lie met 

**n are aer asD lie thr aap arg phe gin leu gin glu lya aap lie lie pro asn aap 

» ^^^^^» - « « « « ~ » « - - « 

Figure 4 
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i 1. i». i*>u leu lva leu asp leu aer gly lie lys ly» lya 
1381 «» « «» AAO CGG GAO CAA AAA GAA 

M « - - ~ « 

1501 000 UCO AAO 0A0 GOO AUG 000 AOO OOC 000 COO OAC OOA OAA OOA 000 COC 000 000 OCA 
1561 OCO COO OCA AAO OCC OCC 000 COA GOA GAA ACC ADA AAA ACA AAA AAO AAA AAO CAA AAO 
1621 AAA AOO AAA AOA AAA OAA AAO CAA AAA A06 AAA OAA AAA CAA CAA AAA AOO AAA AAA CGA 
.1681 AAA ACC AAA AAO ACC CGA AAO GGA CCA AOO OGG CCA AAO OOG GOO 000 GOO 000 GOO 000 
1741 OGO 000 OOG DOT 000 AOO 000 OAO 000 AOO 000 AOO OOA 000 OAO 000 OAO 000 AOO 000 
1801 AOO OOA OOO AOO 000 OGO 000 CGO OGO 000 OGO OAO 000 AOO AOO OAO OAA GCA CAA CAC 
1861 ACA GAA AGC AAA COO OAA OOA AAC ACA COO AOO OAA AAO OOA ACA CAC OAA GCA AGC ACA 
1921 AGC AAO AAA GAO AAA GAA AGC 000 AOA OAO OOA OAS GCO 000 OOA OAA 000 AAC OOA CAG 

1981 C06 C0D 2 S £ 2 2 S 2 S 2 2 2 S S 2 S 2 2 

- 1 2 = 2 a s 2 2 s s 2 2 s = 5 2 2 = 2 = = 

■~S = KS222S2S2222222222. 
-25 = 5 2 2 SSS5 S 2 2 S 5 = 2 2 2 2 
2221 S 2 SS 2 2 5 2 5 - 2 S 2 2 2 2 = S 2 2 

-S5 2 2 2 - 2 2 2 2 S 2 = 2 - - 2 2 2 2 

2401 AAO COO AGA 000 GAO AGO AOO GAG AOO COC AGA AOO CCC AGO OOC OOC AAC AAG CCO GAC 
lie lys ser lya lie thx asn leu asn glu ser asn gly thr glu glu val leu arg vax 

met 

2821 CAA COC OGO AOC CCG CAG OCG 000 COO AGO OOC OOA AOG OGA OGA 000 GOA AGA COG AGO 
2881 GOO AAG GOA OGA ACA CAA AAO OGA CAC GAO OGC OCO 

Figure 4 
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CAUAGA OCAUCAAAUA 

UGOTAAAUGC COGCAAUAGA GAGGAAUAAU 
ACOCUACUUC UGAUGAAGAA GCAUAACUCU 
UGAAAUGAGC UUCAAUGCUU CUAAACAACA 
UCAGCAUDUU AUCAACCUCU CCACUGGCUA 
CGAUCCAUCO AGUUUGGAAA UCACAGUUUU 
UCAUDGCACG AGAGUGAUAA ACGGAAGACA 
UGCUAACAGG GUAUGOGUUU GUCGUCGAGC 
UUUGCCCAAA AGUUUCUUGA GCUUUUCUUA 
CCDUCUUCAA UUUAACAUAC AUUAGAAUCU 



ACUUAUAUGC GAAGAUUCUG UGCAACAGOU 
CGCUCCAOOU ACUAAUUCUU UCAGAUAUAA 
UUUUUGGGUU CAAAGUUAUG CAAAAACUUU 
UUUCUGGCAG AGAffGAGCUU GAAAAGUCUG 
UUAAUGAOGU UGCAUUAUCA UCAGAGUGCA 
UGUAACAUUC CAAAGUCUUG DGAUAAGCUU 
GAUAAUUUAA AUUGCCUUGC AACCAAUUCA 
CUDUGGUCGA AAGUCCUAUG GCAGUUUCAU 
GAOUCAAAAA AAUAUCUGUU GGUAUACAAA 
UGAUGUAUUG AUUGCUCU (app.ntSOOO) 



Figure 6A 
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1 AGAGCAAUCA 
61 UAAGAAUUCC 
121 GUUCACCAAA 
181 AUAUUCUAAG 
241 UCUGUGUCUU 
301 UAACUAAGCA 
361 CUCAAAAUAA 
421 CCAUACAAUG 
481 UUAUAGACCU 
541 UUAACUCUUC 
601 UCUAAGOJGU 
661 GUUGCAUAAA 
721 AAUAUGOOJG 
781 AUUCCUCCAA 
841 AACCCUUUCU 
901 UCAUCUAGCC 
961 AUUUUUAGAU 
1021 UCUGAUAAUU 
1081 UUGUUUUGCA 
1141 CUGCUAAGAA 
1201 UCACAAGCUU 
1261 UUUUUUGCCA 
1321 GCAUCAUUUA 
1381 CUAGUAUACU 
1441 AAGUUGUCAU 
1501 UCAUCAAGAU 
1561 GUAUCCCGGA 
1621 UCUUUGAUCU 
1681 CUGUUUUUUA 
1741 AAAAAUUCCC 
1801 CAUACAUCGG 
1861 CUUAUUUGUC 
1921 AUGCAAGAUC 
1981 UUAUCAAACA 
2041 UACUCUCUUU 
2101 GAUGCUAUCA 
2161 GAGACAUAAU 
2221 CUAAUAUACC 
2281 CAGACAAUUU, 
2341 ACUGUGAAGC 
2401 CAUAUAGGUU 
2461 AUUGUUGGGA 
2521 UCUAAGUUCA 
2581 CUAGCUGUAG 
2641 AAUGUGUUUG 
2701 CUAGUAAAGC 
2761 GCUUUCACCA 
2821 UUGCCAUUAA 
2881 AAAACAUUAA 
2941 UUUGAUCCAU 
3001 CAUCUCUCAG 
3061 UAUGCAGAAU 
3121 ACACAUGUUU 
3181 UUUUCCAUGU 
3241 GCUUUUGACC 
3301 UUUCUUUUAG 
3361 AAUGGUGCUA 



GGUACAACUA 
CUCCAGUGAA 
UUGUUWAGG 
UUAUAUCUAA 
CUUCUUCAUC 
AGAAAUUGUC 
UCUCUCUUGU 
UUUUUUCUGA 

CUAGUUUUUU 
CAGACAAGAA 
CAGCUAUCUC 
CUUUGAGUGC 
GUCUAAAACU 
UCAAGAACUU 

uuuuccuuuu 

UCAACACAUU 
UCUCUCCAGA 
UUAUUUCUGG 
AGUCCAGAUC 
CAUUCCUUAA 
UAAUCAAUUG 
UUAGCUCAAC 
UUAGAGAAUA 
GUUUUGCUUU 
GUGUUCUUAG 
AGCUAUCAUA 
UGUUCAOUAA 
GCUGUGAUAA 
UGGUUUUGAU 
CUACUUCAGG 
AAUUCACAUU 
UUGAUGUAGC 
UCCUGGUUCU 
UAAUUUCUGC 
CAUUCAAUAU 
AUUCCACAUA 
UUCCUGAUUC 
UGAUAACAAA 
GUUUOTGGAU 
CACUUGCUGU 
UACUGUCAAG 
AAAGUGACUG 
UAUCUUGOTG 
AAACAAAAUG 
AGAUAAACCC 
AUGUGOUAAU 
AUCUUUGACA 
CUAGGGAUUU 
UACUAOCOTC 
AGACAGCAUG 
UCUGAAACCA 
CUAAUAUUGG 
UAAAUGAACA 
UUUCUUCAUA 
UUAACACUCU 
AAGGGCUUGU 
UCAGAAUUGO 



AAACAUAUAA 
ACUAUACCGG 
CUAAGUAGAU 
UCUGUUAUUC 
AAGCUCAUCU 
UUCAUCUGUU 
UUGCAUGAUA 
UAAACAUAGU 
AGUUCGCGAU 
AUGUUCCUUG 
AUUUAAAGGA 
AGGUACACUG 
GUUCCGXJAAC 
UAUCAACUCA 
AAUUUUCAUU 
AAAACUGGCA 
UAUAACAAAC 
UAAAACCAGC 
AUGAUCCAAU 
ACUUGCUAAG 
GAUCAUUCCU 
AGCAUGCAUU 
UUUAAGCAUG 
GUCAACAAUC 
CAAGUUUUCG 
UUCUUCCACA 
GAAUUCAUCC 
GUUUCCAAAG 
UGUUUCAGUU 
GAGCCUUAAG 
UUCAUAUUUU 
AUUAACCUUU 
AAGAAAACAA 
CAAUAAUUUC 
CUCAAAUGGU 
GCAGCOUCOU 
AUCUUGXJUCU 
AUCUAAUGUO 
UGUGUUCAAU 
UGAAUUGUUA 
GCAAACAUUU 
CAAUUUAUCU 
AGCACUOACC 
AUAGGAUUCU 
UCUCCCUAGA 
UGCUAAAAGC 
UUCAUUAGAA 
UACAUCUUCC 
UGUUAGAGGG 
CAUUACUACU 
CCUGAAAUUG 
AAUCAGCAUG 
AOAUGAAUCU 
AGUCAUCUUC 
AUCUAAAGCA 
GUACAUGAAC 
UUCAGGAUUU 



CCUCUCCACA 
GACUCUACAU 
CUAAUCUAAU 
AUGGAUUGUU 
UCAUCAAAGG 
UCAACAACCU 
UAAUCAUUGA 
GGGUGCCUAG 
UGUUCAUCUC 
GACCUGCUUU 
CAAUUGACAU 
GAACUUAAUC 
AAUGUCUCUA 
COUAGUAGAA 
UCUUUGAUCA 
AGACCCACAA 
CCAUUUUCUU 
GUCXJUGAAAU 
CUUAUUCUCC 
UUUAAUAUAG 
AACAAGUUGA 
CCAGUGGCUC 
AGCAGUAUXJU 
UCUGAAAAAA 
AAUAGUUCUA 
CUUUUGCAGU 
AUCGUUUCUC 
GCUUCUAUGA 
UCAGAGUCUG 
ACUAGAGAUU 
AUCUUUACAA 
ACAAUCAUUU 
UCUGUGGUUG 
UCUAUACUUU 
GUUCUCAAAG 
GUCAUGAUCC 
UCAGUUUtKJA 
COGUGAGAAC 
UCACUGUUAU 
AUCUUUUUCA 
UGCAAUAUUA 
GAOAUGUAUA 
ACAGUUCUGA 
UCUUUACUGU 
UUGAAOTUAG 
CUGUUUUGUG 
UUGCUAAAAG 
AUGAUUAAAC 
AUGUUUUUUA 
AGUCCCGGAG 
UAGUUAUCUC 
CUGAAAUUAA 
AAAUCAAAUU 
ACAGUGGAAG 
AGUUUCUCUG 
AGCUGACUAA 
UUUAUCAUUA 



GCCAGACUUU 
UUAUAUACAC 
UCUAAAAOAG 
AGUCAUUACU 
CAUCUUCUUC 
CGUCCAACUC 
OAUCAGAGUA 
CAAGGAAAUU 
UUAAUUGUAU 
UUGUCAGUUU 
UCUUAUAUUC 
UUCCCAAUCU 
UAUCAAAGCU 
GUGUGUUUGC 
AACCUUCAUA 
AUUCUUCAUC 
UCAGUAUUUC 
CAUAACUUUU 
UCCCAAAUGU 
AGUCAUUGUU 
AUUCCCCUAU 
UAUAGCUUUU 
CUUUGAAACC 
GAGGACUAUA 
CUGUGUCAUU 
UUUCCAAACC 
UGAUAUCAUC 
AAGUUAAAGA 
CAGUUUUAUA 
UUUGGCUUUC 
CUAAUUUUAC 
UGUUGUCUGU 
UUUGAUUUAU 
CUCUOTAUGU 
AAACUGCUAC 
CUAUXJUUGUA 
CAUAUCUUAC 
ACAAACCCAU 
GUGAUAGAAU 
UUUUGUCUUC 
AAACOAUAUC 
CAGCAGUGUC 
tJAGUUUUGUC 
AGAUGGUGGA 
AAUAGAAGGG 
CUGCUAUCAU 
CCUCUGUUUC 
CUGUUCCAAA 
AACCUAAGUU 
AGCCUUCAAC 
UUUUCCUAGA 
CAUCCUUGAU 
UUAGCAUUUC 
AAAOGUUUAC 
UAGAUUGGUU 
GUAAAAAAUC 
UGUCAUGGAC 



ACAAAUU ACA 60 
UAUAGAUUUG 120 . 
CAAUAAAUUU 180 
UUCAAUUUAA 240 
CCCUCUUAGA 300 
ACUUAUUUUA 360 
GGUAUAUCUU 420 
UGCGAUAUCC 480 
CAAAGCUUUU 540 
UAGAUAACCU 600 
CAUAUAAACA 660 
GUCAGUUGAA 720 . 
GGUUCCCUUU 780 
UGGAAAUAAA 840 
CAUUUCUUCC 900 
AGACCUAUCC 960 
CCUAGAUAGU 1020 
UUCCAUUAAG 1080 
GGCAUAUGOC 1140 
GUGGCAUGUU 1200 . 
CUCUAUGUGC 1260 
AAAUCCUGAU 1320; 
UUCUAAAUCU 1380 : 
CUCAUUUUCA 1440 
AAAUCCAUUU 1500 
UUCUAAGCAG 1560 
AUCUACAAUC 1620 
AGUCAUAAGC 1680 
CAUAUCAGAG 1740 
UAUAAUAUCC 1800 
AUUCUCtfAGU 1860 
GGUCAUUCUG 1920. 
UAUGUUCACU 1980 
GUCAAAAAGA 2040 
^AUCUUGAUCA 2100 
CAUAGUUCCA 2160 
AUCCCUUCUU 2220 
GUUCCACAUC 2280 
CACAUUUGAC 2340 
UAGACOCUGC 2400 
CUCUCUUGUA 2460 
CAGUAUUUUC 2520 
UAAUUUAUAA 2580 
UAGGAGAGCU 2640 
AAAGCUUUUC 2700 
AUAAUUGCAU 2760 
GAAGCUGUCU 2820 
CGUGCUUGUU 2880 
CUCUAUAUAA 2940 
AACAGGUAUC 3000 
UUCACAAGGG 3060 
AACUAGAUUU 3120 
UAAGAUUUUC 3180 
AAAUGUUCUA 3240 
CGAUAACUGG 3300 
UCUAUCAUUC 3360 
AGAUUCCAUO 3420 
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3421 UCUAAGCUAG AUGCAAUCUU CtfUAUAUAAC UCAUCUUCCU CUAAAACAGC AUCCUCGUCU 3480 

3481 AUCUUUAAGU UCUUAGUGCU UUUAUAUAAA UCUUCAUUCU UUUUUAAAUU AGGAUAAAGU 3540 

3541 UUUGAAAAAU CUUUAUAACU UGACAUCUUG UUUAAAGCAU UCUCAUUUAU AAAAUUAGGU 3600 

36C1 AAUUUUAUAA UCUGAGUUAA* CAUAGWUGA AAUUUCAUCC CAAUUGUUAG AACG UCUGAA 3660 

3661 UCUUCAGACA CUGAUGCUUU CUCAAACAGA UCGAVAACAA AUAUCAUCUU UTKTAUCUUUC 3720 

3721 UCUUCCAGAG UUCCUCUUUC AUACtJUUUCU UTOAGCUCUC UGAAUCUCAU CUGUAGAUAA 3780 

3781 CJGGAAGAAG AGACACUAUC TOWACWCU UCUAAACUUU UUUUGUUCAA AAAAUCtfCCU 384C 

3841 AUCACAUUGU AAUAGACGAU UUGAUCAUUU GAUGAUGGAC CUAAUAUAGA CAACGGCUCU 3900 

3901 AOAGGAGAGG VCAACCAGCC CCCCAUOTUU OTGGGAAUCU CGUUUGACUU UAAACWACU 3960 

3961 CCAAGCWGU UAAAAAUUCtJ AAUACUAUCA UUCACUUCAC CAGGAAGCAU UGAAUAGAUG 4020 

4021 CUUAACGCUU GUACCUGCAC AGCCCCAUAA GCAAAAGOTA UAACUCCATO AGGACAGCCU 4080 

4081 UUUCUCAGAA GCAUUGUAAC AUGUAUACUG AGCGACAUtJA GAUCAtfCAAA AOAACCUAUA 4140 

4141 UGCGAAGAUU CUGtfGCAACA GUVUGCVAAA UGCCUGCAAU AGAGAGGAAU AAUCGCUCCA 4200 

4201 UUUACAAUUC tfUUCAGAUAC AAACUCUACU UCUGAUGAAG AAGCAUAACU CUUUUUUGGG 426C 

4261 UUCAAAGUUA UGCAAAAACU UUUGAAAUGA GCUUCAA0GC UUtt/AAACAA CAUUtfCUGGC 4320 

4321 AGAGAtfGAGC UUGAAAAGUC UGUCAGCAUU UUAUCAACCU CUCCACUGGC UAUUAAUGAU 4380 

4381 GUUGCAUUAU CAUCAGAGUG CACAAUCCAU CCJAGUUtfGGA AAUCACAGUU UUUGUAACAC 4440 

4441 UCCAAAGOGU UGVGAUAAGC W • • • • 

!!!!!!!!!! ".gaauugc 

AUCAUGUCUU CAGAGUAAUG GUAAAUGGCU AGAUCAUUGC AUAAUUUGOT UAUCUUUWJG 

CAAGUCUCUA AUUCAGUCUU CAGUACUGAA. UCUUGAAUGU ACAAGCAUUC AGUATOUUUA 

GCAUAAUUAU UGAAAACAGA UGUGAUCUUA CCAUCCUCUA UUAUAUUAAA AUUAUCAAGtf . 

AGAAAAAAAG AGCCCUUAAA UCUUUUACCA CUUAAGCUAU CAUCAUTJGUC AUGCCUUAUC 

AGUWOTUCA UAUGAGUCAG AGAAGACAUG UCOAOACOTG AGVAAUCAUC AUUUGGGUCA 

GCCUGCCVW CAGAGGUAUC AtfAUVCCAAG CCUUVAGAGA UCCUWCWtf UAUUUCUUOJ 

C7UUUUUAGAA WCUUTOCW AGAACUCAUU CCVAUAWCA UUACUGCUAA GCCVUUAAAA 

UAGGUAGWU OGWCUCCCV GCOTGUAUCU' WCAUGCAAA AUVCAUUUUtf GUUUCUGGUU 

AAACACGAAC CWGCVUAOT CCAUUCTOUA GACUUUTOUG UUCUCVCAAC UUUGAUACUC 

CCGGUGOWA UAUCOAUUOC AUCUUCAAGO" UCCUGCTOUU CCAUUUUCCU UGtfAUCACAA 

CUUAGCUCUG CVAAACACAG UCUAACOAAG VUUGCUAUAO CUCWGCWV AUTCGUUtJGG 

UUAUUUAUGC UACUAUAUGG GCUAUUAUAA AUAACCCTOG AACAACUUOT GAAGCUCUCC 

CGAAACUUGU UAAUAAUUGC GUUGUUGUAA UCUACCUCUG AGCUCAAUUC UAUCUUCAAA 

CVGGGGACCA AGUCAUGGAA AGUUAGUUUU AGUUCAGAGA GAtfCAUUGAA ACAGWAGGA 

UACCUWCUU CAUAUUCAGC AGCAUVCUGG UUAAAAGCUG UGGtfUAUGtfC AGGtfAUCUCtf 

UUUUCUUUUC UCUUUUUUUC UCUAAUUCUA AGCAUGAUOJ UCUCAAGGUG UUOTCCAUAC 

AGAGAUUCCC AUAUUUGCUG CUOWGGAUU AAGVGGtfCUU UCAAAUCAGC UAAAUCAGOT 

WUGGCUCUA UUUUUAAAUU GAUACAAGAG UUUUGGUACC CUUUAAAUUU GUCAGCUAUA 

UGCt/GGUCAU UCAUUGUUUC AAUGUGGAAA CAGAAAUUUC CAAACAAAAA AUGOAUOAOT 

UCCUCUCUAG GCAUUUCAUC UGUAACAAGU GAAUCAAOTA UUCUUUCAAU AUCOUCGGAA- 

OAGGCUACCU CAGVAGGAW UCUWCUUUG UAUUUGCOGG UCCAGUGACU GAAAAACACA 

UCUUUAGAUC CAAAAUCAUC ACOJAAGAOT CCUCUGACUV CAGAUOUGAU UCWOGAGOG 

UUUGCAUAAU AGUWCUCAC CACUGUGGGU GUGGWCCAA CUAUUUGCCC AACAUAAGAA 

AUAUUUAGCA AUUUGGCAUU WUAGCATJGC UUUAUUCUW CUCCGUGCAA UGCUGAUGGA 

GAAUCUUCGA AUTOCUCCAA AACCCUGCUA CUAGUAACAG UGAUUGGCAU CCCAGCAAUA 

GGUUUCAAUA UAACUAUAGA AACGAAAACA GOAtfGCUCUU CCAGOAAUGG CUUUCCAOUC 

ACUUUUAUAU CUUUGAAAGA UUUCCAAAUA UUCUUOTAGG UAUUUCUCCA UUGUUUGOTU 

UCAGUCCUGG CAUCGXCAGA UAUUUUCCAA UCAUAAAUGA OUAAACAAAG CUCACUGUUU 

UUUGAUUCUU UAUAUAUCAC AUAGWAOCA GGGGUGGCAU UAGUUGCUAC AUAOTCUUUA 

UUUATOCOCU CAAACUCXUC AUCAGAGAGC UUGUUAAU6C AGGACUUUUU GUUGAGUUCA 

UCCAGAUAUU CUCOUAGUGC AUGCUCUAUC UCCACUUCAU UUCVUUGUUU GGGCUUUAUU 

OJCAGOJGCC UGGAGAUCAG CUCUCCAAAA AUGUCAUGCC UUGCOAACUC UGUUUCUAGG 

UAUUUUUGCU CAAACAGAGA GACCAUCUCA OJUAGCUUUU UGACAUCCAC AGUUGCCAUC 

COJUUGOUUA GUCCU0CACC AUCAGCAGC7G AUUUUGACAA UUAACUCUCU CAUTOUCOCA 

UAAUUUUUUG CAUUAUUAUU UAUAAUCACA UCUUCUGGGA UCUCAUCACU AUUUCCCOUA 

UGUAAAUCCA AAGCUAGAUC GUGGUUAGAA CCOACACAAU CCUCAAUAOA CAACAGUAAA 

GUGGUUCCAU UOTCUAUUAA UUWUGUAUU UUCUGGAUGU UCAUGUUUGC tJUAAAAUCOT 
UGUUACCUGA UUGCUCU (app.nl 7500) 
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Rgure 7 Construction of expression vector pZU-A 
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Figure 8 Construction of expression vector pZU-B 
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Figure 9 Construction of TSWV-N protein gene 
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Figure 10 Construction of TSWV-Ns protein gene 
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Figure 1 1 Construction of plant transformation vector pTSWV-NAB 
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Figure 12 Construction of plant transformation vector pTSWV-NmutBB 
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Figure 13 Construction of plant transformation vector pTSWV-NsAB 



34 



EP0 426 195 A1 



Nsgene Nsmutgene 




Figure 14 



35 



EP 0 426 195 A1 



3- 5* 
2916 U-A 1 
C-G 
0-A 
C-C 
G-C 
U-A 
0-A 
A-U 
C-U 
C-G 
A-0 
C-G 
A-0 
G-C 
0-A 

G 

* A 
0-A 

2900 A-U 

A-U 20 

A-U 

A-U 

C-G 

A-U 
C • 
A * 

A-U 
. G-C 

U-A 

A-U 

0-A 

* A 
G-U 
G-C 

A • 
A A 

0-A 

0-A 

G-C 

2890 U • 
G-C 
A-U 
C-C 

0-A 40 
C * 
A * 

G-C 

A-U 

A-0 

0-A 
G G 

0-A 

0-A 

0-A 
A * 
G * 

0-A 

A-0 

G-C 
2860 0-A 

G-C 

0-A 

* A 

* 0 

* A 

* C 

* a 

* G 60 

* a 

* A 
A A 

A-0 
0-A 
0-A 
C-C 
0-A 
0-A 
G-C 

a c Figure 15 



36 



EP 0 426 195 A1 



o 

A 0 
A 0 

C-G 

C-G 
A 

C-C 
G-C 
G A 
1700 A A 

* A 
A-0 • 
A-0 
G-0 
C-G 
C-G 
C-G 
A-0 
G-0 
A-0 
A-0 

A r 
A 

A • 

C 

c-c 

A-0 
A-0 
A-0 
A-0 
A-0 

G 

C-G 
A-0 
A-0 
A-0 
A-0 
A-0 
A-0 
O-C 

0 

A-0 
A-0 
A-0 
A-0 
A-0 
A-0 
C-C 

A-0 1750 
A-0 
C 0 

* 0 

* 0 

* 0 

* A 

* 0 
A-0 
A-0 
A-0 
A-0 
A-0 
O-A 
A-0 
A-0 
A-0 

1650 C-0 

O-A 

A-0 

A-0 

A-0 

A-0 

A-0 
A • 
C • 

O-A 

A-0 



A-0 
A-0 
A-0 
O-A 
A-0 
A-0 
A-0 
A-0 
O-A 
A-0 
A-0 
A-0 
A-0 
0 0 
O-A 
A-0 
A-0 
A-0 
A-0 
O-A 
A-0 
A-0 
A-0 
A-0 

G-0 1S0O 
O-A 
A-0 
A-0 
» 0 

* 0 

* A 
A-0 
A-0 
A-0 
O-A 
A-0 
A-0 
A-0 
A-0 
A-0 
A-0 
C-G 

1600 A-0 

A-0 

A-0 

A-0 
A C 

C-G 

A-0 
C 0 

C-G 

A-0 

A-0 

A-0 

G-0 

A-0 

O-C 

G-0 

A-0 

O-A 
C 0 
0 0 



Figure 16 



37 



EP 0 426 195 A1 




Figure 17 



38 



A 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 
EP 90 12 1052 



mnr.iiMPMTa CONSIDERED TO BE RELEVANT 




Category 


Citation of document with Indication, whore appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION Cnt. CIJ3) 


O.X 


BIOLOGICAL ABSTRACTS. BR36:106479. Philadelphia. PA. 
US; T.L GERMAN et al.: "Dot blot detection of tomato 
spotted wilt virus using cloned complementary DNA 
probes", 

& PHYTOPATHOLOGY, 78, (12 part 1)> 1988. 1599 
"Abstract" 


12-14 


C12N 
15/40 

C 12 N 15/82 
C 12 N 15/11 
A 01 H5/00 
C 12 Q 1/68 


X 


BIOLOGICAL ABSTRACTS, vol. 89, no. 5, 1990. abstract no. 
52485, Philadelphia, PA, US; A.E.E. RONGO et a!.: "Cloned 
complementary DNA probes for the detection of tomato 
spotted wilt virus", 

& PHYTOPATHOLOGY 79(11): 1309-1313, 1989 
"Abstract* 


12-14 




OA 


EP-A-0 223 452 (MONSANTO) 
* Whole document 0 


1,15 




A 


EP-A-0 240 332 (LUBRIZOL) 
"Whole document" 


1.15 




PA 


J. GEN. VIROL, vol. 70, no. 12. December 1989, pages 
3469-3473, SGM, GB; P. DE HAAN et al.: "Molecular clon- 
ing and terminal sequence determination of the S and M 
RNAs of tomato spotted wilt virus" 
* Whole document " 


1.2 


TECHNICAL RELDS 
SEARCHED (Int. OS) 






C12N 
A01 H 
C12Q 


P,A 


J. GEN. VIROL, vol. 71, no. 5, May 1990, pages 1001-1007, 
SGM, GB; P. DE HAAN et al.: "The S RNA segment of 
f/MTtat-r-k cnnttaH wi!tuini<; hfl< an ambisense character 

JQfnBlO SUUlloU Will VII UO 1 ICw C»l l OiMUiwvuwv w ' 

"Whole document" 


1.2 




P.X 


BIOLOGICAL ABSTRACTS, vol. 89, no. 11, 1990, abstract 
no. 121862, Philadelphia, PA, US; C. HUGUENOT et al.: 
"Detection of tomato spotted wilt virus using monoclonal 
antibodies and riboprobes". 
& ARCH. VIROL 110(1/2): 47-62 
* Abstract 0 


12^14 






The present search report has been drawn up for an claims 







Place of search 



The Hague 



Date of completion of search 

07 February 91 



MADDOX A.D. 



CATEGORY OF CITED DOCUMENTS 
Xx particularly relevant M taken alone 
Y : particularly relevant If combined with another 

document of the same catagory 
At technological background 
O: non-written disclosure 
P: Intermediate document 
T: theory or principle underlying the Invention 



E : earlier patent document, but published on, or after 

the finng date 
D : document cited In the application 
L: document cited for other reasons 

& : member of the same patent family, corresponding 
document 



